The purpose of this study was to identify preoperative predictors of length of stay after primary total hip arthroplasty in a patient population reflecting current trends toward shorter hospitalization and using readily obtainable factors that do not require scoring systems. A retrospective review of 112 consecutive patients was performed. High preoperative pain level and patient expectation of discharge to extended care facilities (ECFs) were the only significant multivariable predictors of hospitalization extending beyond 2 days (P = 0.001 and P b 0.001 respectively). Patient expectation remained significant after adjusting for Medicare's 3-day requirement for discharge to ECFs (P b 0.001). The study was adequately powered to analyze the variables in the multivariable logistic regression model, which had a concordance index of 0.857.
Total hip arthroplasty (THA) is one of the most commonly performed and cost-effective orthopedic procedures [1, 2] . By 2030, the number of primary THA in the United States is estimated to rise by 174% to 572,000 procedures [3] . This increased demand will undoubtedly place tremendous strain on existing hospital resources and calls for a greater understanding of the factors associated with hospital length of stay (LOS) to ensure efficient provision of health services.
In recent years, the LOS following THA in the U.S. has decreased substantially, in part due to refined surgical techniques including minimally invasive approaches [4] and implementation of postoperative clinical pathways emphasizing multimodal analgesia and rapid mobilization [5] [6] [7] . Medicare's prospective payment system is another incentive for shorter LOS. Medicare provides fixed payments to hospitals based on diagnosis related groups. The longer patients stay, the more money hospitals lose. In response to this financial incentive associated with shorter LOS, there has been an increased utilization of and tendency to discharge to extended care facilities (ECF), such as acute rehabilitation and skilled nursing facilities. Among Medicare beneficiaries, the mean hospital length of stay LOS after THA has decreased from 9.1 days to 3.1 days between 1991 and 2008 with a concomitant four-fold increase in the rate of discharge to ECF [8] .
Previous studies have identified several factors that influence LOS after primary THA, including age [9] [10] [11] [12] , sex [9, 10, 12] , comorbidities [12, 13] , body mass index [14] , surgical approach [15] , use of assistive devices [16] , functional status [12] , general health perception [10, 13] , and surgeon experience [10] . However, many of those studies had significantly long mean LOS [9, 10] , excluded patients with diagnoses other than primary osteoarthritis [16] , focused only on select comorbidities [12] , or required the use of time-consuming scoring systems [10, 13] . Furthermore, previous studies often had postoperative rehabilitation protocols geared toward discharge to home [16] , which has limited application to current practice where patients with slow postoperative recovery can be discharged to ECF. Most importantly, factors such as preoperative pain level, caregiver assistance, and patient expectation were often not investigated.
Predicting the LOS following THA is important for optimizing hospital resources and helping guide patient expectations. Building on previous studies, the purpose of this investigation was to identify preoperative predictors of LOS after primary THA in a patient population reflecting current trends toward shorter hospitalization and using readily obtainable factors that do not require scoring systems.
Materials and Methods
This study was approved by the institutional review board at our hospital. The primary outcome of the study was LOS, defined as the number of nights from admission to discharge. Because the standard target for discharge in our practice is postoperative day 2, prolonged The Journal of Arthroplasty 30 (2015) 555-558 hospitalization was defined as LOS N2. Our institution is a tertiary care teaching hospital performing about 600 THA annually with a large volume of revision and conversion procedures. All patients admitted the three senior authors between January 1, 2012 and December 31, 2012 with CPT code 27130 (THA) as the primary procedure were included in the study. The senior authors are full-time joint arthroplasty surgeons who followed the same postoperative clinical pathway described below. One hundred and twelve patients were identified and their medical records were retrospectively reviewed for factors including age, sex, pain level, body mass index (BMI), number of comorbidities, use of assistive devices, history of prior total hip or knee arthroplasty (TKA), history of prior ECF admission, patient expectation of discharge destination, and caregiver assistance at home. A comorbid condition was defined as any condition requiring active medical treatment. Because a majority of patients carried a diagnosis of arthritis and were receiving medications for joint pain at the time of surgery, arthritis was counted as a comorbid condition only if it involved joints other than the hip that was replaced. We intentionally chose to assess health status based on the number of active conditions in order to eliminate the use of scoring systems, which was one of the goals of this study. Caregiver assistance was classified as either adequate or inadequate depending on whether the caregiver was 1) able and 2) available to provide for patient needs (meals, hygiene, transfers, etc.). Pain level was assessed at the time of preoperative anesthesia evaluation and collected using the numeric rating scale for pain (NRS). NRS is an 11-point scale (0-10) for patient selfreporting of pain with "0" indicating no pain and "10" indicating the worst imaginable pain. Expectation of discharge destination was collected at the time of initial PT/OT session as described below.
While primary osteoarthritis was the predominant indication for THA, there were no exclusions based on operative diagnosis. Three surgeons performed the operations using either posterior or direct lateral approaches. A variety of cementless implants were used. All patients were admitted from home on the day of surgery. Following THA, patients were managed with a standardized clinical pathway with regards to pain control, mobilization, anticoagulation, and discharge criteria. Spinal anesthesia and single-shot fascia iliaca block were used unless contraindicated. Intravenous patient-controlled analgesia was provided immediately following surgery and transitioned into oral narcotics on the first postoperative day. Unless contraindicated, enoxaparin was used for DVT prophylaxis. Physical and occupational therapy (PT/OT) was initiated on the day of surgery and continued daily until discharge. The primary goals of the first PT/OT session were to assess patients' needs, review acute rehabilitation goals, assist with mobility as tolerated, and initiate preliminary discharge planning. As part of the preliminary discharge planning, the therapists inquired about patients' expectation of discharge destination, which was grouped into either home or ECF (acute rehabilitation and skilled nursing facilities). During the period the hip arthroplasties in this study were performed, patients were provided with informational packets in clinic describing the procedure, benefits, complications, and rehabilitation. They were also given the option of attending a total joint camp, but participation was low and did not exceed 20%. Preoperatively, patients were informed that their destination of discharge to home versus ECF depended on their progress with PT/OT postoperatively. They were also informed that the target day of discharge to home is the second postoperative day and to ECF the third postoperative day pending the discharge criteria met. Patients were cleared for discharge when they were medically stable, had adequate pain control, were able to void and tolerate oral diet, had no surgical concerns, and were functionally suitable for their discharge destination as determined by PT/OT.
Results for continuous variables were summarized using the mean and standard deviation for normally distributed variables and the 50th (25th, 75th) percentiles or range for non-normally distributed variables. Categorical variables were presented using counts and percentages (rounded to the nearest percent). Continuous variables were tested for normality using the Kolmogorov-Smirnov test. Variables determined to be normally distributed were compared using Student's t-test, while variables non-normally distributed were compared using the Kruskal-Wallis non-parametric test. The relationship between each categorical variable and LOS was assessed using the chi-square test, or Fisher's exact test was utilized in the presence of small cell counts (any expected cell count b 5). All statistical tests were twosided, and a P-value ≤0.05 was considered statistically significant. Following univariable analysis, statistically significant factors were subjected to a multivariable stepwise logistic regression analysis to determine the variables associated with LOS. Only variables with P-value ≤ 0.05 remained in the model. The linearity assumption between each continuous variable and the logit of the probability that LOS N 2 was verified and transformations made if necessary. The concordance index (C-index) was used to determine how well the model discriminated between different responses. The conditional power of the study given the sample size and odds ratio of significant multivariable model covariates was reviewed for statistical adequacy. SAS version 9.2 was used for all analyses.
Results
One hundred twelve patients were included in this study. There were 58 males and 54 females with a median age of 61.0 years (range 25-85). The median BMI, pain level, and number of comorbidities were 28.6 (range 17.0-47.2), 4.5 (range 0-10), and 2 (range 0-7) respectively. All patients were admitted from home. 41 patients (37%) used assistive devices prior to surgery. Eight patients (7%) had prior THA in the contralateral side and 30 patients (27%) had prior TKA. One hundred four patients (93%) had adequate caregiver assistance at home. The demographic features of the study cohort are outlined in Table 1 .
The mean LOS was 2.5 days (range 2-6). Ninety-two patients (82%) were discharged to home and 20 (18%) were discharged to acute rehabilitation centers or skilled nursing facilities. Factors that were not significantly correlated with prolonged LOS were sex (P = 0.062), BMI (P = 0.439), prior THA in the contralateral limb (P = 0.326), and use of assistive devices (P = 0.090). Univariable analyses revealed a significant independent association between LOS and number of comorbidities (P = 0.003), prior ECF admission (P = 0.037), caregiver assistance (P b 0.001), and a having a history of TKA (P = 0.017); however, these associations did not remain significant after multivariable analysis. Age was a borderline significant multivariable predictor (P = 0.052), while pain level (P = 0.001) and patient expectation of discharge destination (P b 0.001) were the only significant preoperative variables that remained in the final multivariable model. The C-index for the multivariable logistic regression model was 0.857. The multivariable model had more than 80% power to detect a significant difference in pain level and patient expectation. Preoperative pain level N3 was a significant cut point associated with increased LOS (P b 0.05; Fig. 1 ). Tables 1  and 2 outline both the univariable and multivariable relationships of each preoperative factor with LOS. In a subset analysis, patient expectation of discharge to ECF remained predictive of prolonged hospitalization when target LOS was adjusted to 3 days (P b 0.001), thereby controlling for any potential confounding factors, such as Medicare's 3-day rule to quality for discharge to ECF. Twelve patients (11%) developed minor postoperative complications during hospitalization, mostly narcotic-related adverse drug events. There was a significant association between LOS and the development of a complication (P b 0.001). Four patients (4%) had blood transfusion; however, there was no significant relationship between LOS and blood transfusion (P = 0.112). Patients with longer LOS had significantly higher rate of discharge to ECF (P b 0.001).
Discussion
Understanding the preoperative factors associated with LOS following THA may permit increased efficiency of patient flow, reduction of healthcare costs, better management of patient expectations, and increased patient satisfaction. Although a few studies have been published, the relatively long LOS and broad exclusion criteria in those studies limit their utility to current practice. Most importantly, factors such as preoperative pain level and patient expectation were often not investigated.
In this study, we identified a significant factor not previously reported. Contrary to Dall et al [10] , we found a significant association between LOS and preoperative pain level. Dall et al studied pain level as measured by the SF-36 pain score; however, their mean LOS was 8.1 days and no physical therapy was provided on weekends, which make direct comparison difficult. Their study population was also exclusively Caucasian and the rehabilitation milestones were geared toward discharge to home. The relationship between higher pain levels and prolonged hospitalization should come as no surprise with mounting evidence showing shorter LOS after implementation of multimodal analgesia protocols [6, 17] . In our patient population, there was a trend toward chronic narcotics use in patients who reported higher preoperative pain levels. Most importantly, among the patients who had poor postoperative pain control or narcotic-related side-effects (ileus, nausea, delirium, etc.) that prolonged their hospitalization, all reported high preoperative pain levels. The relationship between LOS and inadequate postoperative pain control or development of an adverse event related to narcotics was significant (P b 0.001).
The effect of patient expectation of discharge destination on LOS has also never been previously reported. This variable remained a significant predictor of LOS even beyond the third postoperative day, thereby eliminating any potential confounding effect of Medicare's 3-day inpatient stay requirement for discharge to post-acute care facilities. This finding is especially interesting. It demonstrates that a patient's notion of care needs is more powerful than caregiver support, reliance on mobility aids, or comorbidities (all of which were not significant in our study). Patient expectation is a subjective measure of one's mindset and can be influenced by complex variables, such as anxiety, selfconfidence, and knowledge. Meeting patient expectation has been shown to strongly correlate with patient satisfaction [18, 19] .
There are several weaknesses in this study. First, it was a retrospective chart review from a single tertiary-care teaching institution. Compared to a prospective design, however, this retrospective analysis may have offered the advantage of eliminating observer bias as the data were collected without the intent of the study at that time. An outcome such as LOS could have been easily influenced by the study personnel if it were prospectively assessed. Second, our patient sample was small compared to previously published studies that were based on large-scale database searches, but we had sufficient power for the statistically significant factors in the multivariable logistic regression model. In addition, the C-index, which is a measure of how well the multivariable logistic regression model discriminated between different responses, was quite good. Third, our list of preoperative variables was not all-inclusive and factors such as patients' home environment (stairs, number of residents, etc.) were not assessed. Those factors were not consistently available in the charts and hence were not analyzed. Fourth, the use of number of active comorbidities as opposed to a more well recognized and validated comorbidity scoring system, such as the Charlson comorbidity index (CCI) may represent a weakness. However, there is currently no gold-standard instrument for evaluating comorbidities and the CCI is not all-inclusive [20] . Specifically, while the CCI is an excellent prognostic tool in life-threatening conditions as it was initially designed [21, 22] , it may not be sensitive enough for lowmortality elective procedures, such as THA [23] and it does not account for conditions that may impact the postoperative course, such as depression, anxiety, arthritis, fibromyalgia, and back pain. In addition, our results were consistent with earlier studies that found no significant link between comorbidities and LOS after THA. These studies used different measures of patient comorbidity including the CCI and counting the number of comorbidities [24] .
We believe that this study has several strengths. The target discharge date on the second postoperative day reflects current fast-track trends [25] . We analyzed a consecutive group of patients who underwent primary unilateral THA without exclusion criteria. Patients underwent a standardized postoperative clinical pathway with clear discharge criteria. All the preoperative factors are easily obtainable with no need for scoring systems. By reviewing individual patient charts, we had the advantage of assessing factors that are sometimes not routinely collected in large-scale databases, such as caregiver assistance, patient expectations, and pain level.
Our study has demonstrated for the first time that high preoperative pain level and patient expectation of discharge to ECF are significant predictors of increased hospitalization based on a target LOS of 2 days. Patient expectation of discharge to ECF remained a significant predictor of increased LOS even after controlling for Medicare's 3-day rule to quality for discharge to ECF. We have also confirmed earlier findings, particularly the association between LOS and age [9] [10] [11] [12] and absence of association between LOS and BMI, sex, and comorbidities [10, 13, 16] . Pain and patient expectations represent compelling targets for intervention to reduce LOS. 
